This study is a retrospective evaluation and was conducted on behalf of the ECHSA. We included data relative to the follow-up course and outcome of any patient who required left-sided reoperation (LSR) after ASO for D-TGA and DORV TGA-type between January 1975 and December 2010.
We arbitrarily defined an LSR as any surgical procedure that is necessary for residual or new anatomic/ functional problems after a previous ASO on the neoaortic valve, the aortic root, the coronary arteries, and the left ventricular outflow tract (LVOT) (sites of the previous ASO). We excluded (1) patients who underwent reoperation after ASO for isolated right-sided lesions, (2) patients who underwent isolated left-sided procedures on the aortic isthmus and mitral valve, and (3) patients with forms of DORV TGA-type who underwent other types of repair.
Variables analyzed in this study are summarized in Tables 1 to 4 . We divided patients with D-TGA into simple forms (with intact ventricular septum) and complex forms (with associated congenital heart disease [CHD] ).
The aim of this study was to investigate the frequency, types, and outcomes of LSRs after ASO for D-TGA and DORV TGA-type. Outcomes included postoperative morbidity after LSR, patient survival, need for further reoperation, and clinical status at the last clinical examination. Early mortality was defined as any death occurring within the first 30 days after operation or during hospitalization for a LSR. Any other death after hospital discharge was defined as late mortality.
Statistical Analysis
Continuous variables are expressed as medians, with interquartile range (IQR) as a measure of variability.
Comparison between groups was made using the Wilcoxon rank sum or Fisher's exact test if the variables were continuous or dichotomous, respectively. We compared the results of LSRs in patients with D-TGA and DORV TGA-type. A Kaplan-Meier survival analysis stratified by fundamental diagnosis (D-TGA and DORV TGA-type) and by the main diagnosis leading to LSR was performed. The comparison of survival probability among subgroups was performed by means of the log-rank test. The statistical significance was set at a familywise error rate of p less than 0.05. The R statistical package and Harrell's rms libraries were used for analysis.
Results

Patients
Seventeen of the 42 (41%) ECHSA centers initially contacted contributed to data collection. We included in this Table 1 .
LSRs After ASO
The median age at LSR was 8.2 years (IQR, 2.9-14 years). Forty-one (37%) patients were symptomatic with reduced exercise tolerance (n ¼ 29) and congestive heart failure (n ¼ 8). Other less common symptoms included chest pain (n ¼ 5), palpitations (n ¼ 3), and recurrent respiratory infections (n ¼ 1). Two patients were resuscitated after a cardiac arrest for ventricular fibrillation. Seventeen (15%) patients presented with arrhythmias/electrocardiographic changes: third-degree atrioventricular block (n ¼ 3), supraventricular tachycardia (n ¼ 2), ventricular fibrillation (n ¼ 2), ventricular tachycardia (n ¼ 2), transitional atrioventricular block (n ¼ 2), junctional ectopic tachycardia (n ¼ 2), second-degree atrioventricular block (n ¼ 1), and ST-segment depression at electrocardiography (n ¼ 5). Clinical/instrumental variables before LSR are listed in Table 2 (Table 3) .
CAP requiring surgical procedures included stenosis/ occlusion of the left main coronary artery (ostial/ proximal)(n ¼ 13) and stenosis/occlusion of the right coronary artery (ostial/proximal)(n ¼ 5). Two patients had both left main and right coronary artery ostial stenosis, and 1 patient had left coronary sinus dilatation.
LSRs after ASO are listed in Table 4 . Ten of the 17 (59%) patients who underwent procedures for LVOTO relief at the time of LSR had a LVOT operation at the time of the ASO. One patient with simple D-TGA and occlusion of the left main coronary artery underwent orthotopic heart transplantation. Other associated surgical maneuvers at the time of LSR are listed in Table 4 .
Twenty-one (19%) patients had postoperative complications after LSRs ( Table 2) . Four patients who died early (57%) had CAP. Causes of hospital mortality are listed in Table 6 . (Table 6 ). The survival at 15 years after an LSR was 90%, and it was higher for patients with D-TGA than for patients with DORV TGA-type (89% versus 75%; p ¼ 0.04) (Figs 1, 2 ).
Follow-Up
The majority of the 100 survivors were asymptomatic 
Comment
The ASO for treating patients with D-TGA and DORV TGA-type is associated with excellent early-and long-term survival and a good quality of life in the vast majority of patients [1] [2] [3] [4] [5] [6] [7] 17] .
After more than 40 years from the first ASO, we now have the chance to observe the long-term results on right-sided and left-sided heart structures that are involved in this correction. It is now clear that a certain percentage of patients will need further reintervention/ reoperation [10, 15, [17] [18] [19] , which in the majority of patients is on the right side of the heart, for neopulmonary stenosis either at the anastomosis site or at the pulmonary artery bifurcation (after the LeCompte maneuver) [7, 9, 10] . Less commonly, reoperations involve the left side of the heart, such as the neoaortic valve, the aortic root, the subaortic area, and the coronary arteries [4, 5, 9] .
The onset of neoaortic valve insufficiency after ASO seems to be a multifactorial process resulting in progressive aortic root dilatation and consequent further progressive neoaortic valve insufficiency [11, 12, 14] . The presence of aortic root dilatation has been demonstrated in up to 60% to 70% of patients after ASO; nonetheless, it does not tend to be progressive during late follow-up. Conversely, the progression of the degree of neoaortic valve insufficiency rarely occurs during the first 10 to 15 years after ASO, but it was found that it increases significantly later, and this is associated with the degree of postoperative neoaortic valve insufficiency at discharge soon after ASO [14, 20, 21] . Anatomic causes identified to be responsible for aortic root dilatation and neoaortic valve insufficiency included the presence of a ventricular septal defect and aortic/pulmonary mismatch and the postoperative geometry of the aortic root [19] . In addition, previous pulmonary artery banding and coronary reimplantation techniques (ie, the trapdoor technique) were also previously identified as significant risks for aortic root dilatation and neoaortic valve insufficiency [14, 12] .
Regarding the coronary arteries, despite good results after their translocation [22, 23] , the risk of a clinically silent late coronary artery obstruction is present, as is the need for coronary reintervention procedures [24] . Some authors identified the presence of complex native coronary anatomy as a predictor for coronary reinterventions [7, 24, 25] .
The aim of this study was to provide more consistent data about the frequency and types of reoperations of left-sided heart structures (focusing on the neoaortic valve, aortic root, coronary arteries, and subaortic area) and outcomes after ASO for D-TGA and DORV TGA-type.
We were able to collect complete data on 111 patients who underwent LSRs over a total of 7,951 ASOs. It means that LSRs after ASO are rare (overall incidence of 1.4%) and are required mainly for neoaortic valve insufficiency (0.68%)(similar to other single-center reports in which the frequency ranged from 0.6%-1.3%) [14, 15, 26] and for coronary artery malperfusion/ischemia (0.26%) (which was lower than in other single-center reports in which it was up to 2% [5, 24] . Patients with CAP were treated by means of coronary revascularization or more conservatively by relocating the coronary artery ostium, when indicated, to treat late kinking or distortion of the proximal coronary course.
As expected, we also found a certain recurrence of LVOT operations (59%) in patients who underwent LVOTO relief at the time of ASO (all with a ventricular septal defect); we believe this was related more to an anatomic problem than to a technical issue.
We found that the risk of LSRs was not negligible, with a mortality rate of 6.3%, mainly for postoperative lowoutput syndrome. Patients with DORV TGA-type and patients with CAP presented a higher morbidity and mortality.
At midterm follow-up after LSRs, the majority of patients were asymptomatic and doing well. Nonetheless, recurrent reoperations after LSRs may be required (16% of patients who had LSRs; 16 of 7,951 ASOs [0.2%]). These reoperations were more common in patients with DORV TGA-type and were mainly on the aortic valve and the aortic root. Late mortality after LSRs was fairly low (4 of 104 [3.8%]), and in 2 patients it was related to the second reoperation.
Finally, we would like to comment on the fact that LSRs may be particularly difficult from a technical point of view. In fact, access to the aortic root is particularly challenging after the LeCompte maneuver; the pulmonary trunk and branches are stretched over the aortic root and the vascular tissues of the aortic and pulmonary arteries are usually compressed and very thin and fragile. In addition, a complex coronary pattern and previous operations or hemodynamic procedures on the right side of the heart can further increase the technical challenge in these patients. Preoperative imaging of the aortic root and coronary arteries is mandatory in the case of an LSR.
Our study has several limitations. First, this is a retrospective data examination, and certain intercenter and intracenter variability in surgical treatment is expected. Second, we do not have any information about the characteristics of the overall population of patients who underwent ASOs; as a consequence we cannot speculate about the impact of anatomic variables or different surgical techniques (ie, trapdoor technique) on the incidence of LSRs. Third, the rate of LSRs is calculated based on the denominator of 7,951 patients who underwent ASO. Because we do not have data about the completeness of follow-up for each participating center, some of the ASO survivors potentially lost to follow-up could have undergone LSRs that were not accounted for, and this would have potentially decreased the observed rate of LSRs. Finally, the follow-up is relatively short to reach definitive conclusions.
Nonetheless, we were able to collect, to our knowledge, the largest series of patients who underwent LSRs after ASO. We concluded that reoperations for residual leftsided lesions are infrequent but may become necessary late after ASO, neoaortic valve insufficiency and CAP being the most frequent indications. Risk at reoperation is not negligible and DORV TGA-type anatomy, as well as the procedures on the coronary arteries, were significantly associated with a higher hospital complication rate and lower overall survival. Recurrent reoperations after LSR may be required, and lifetime follow-up in these patients is necessary. 
